Regulation and Interaction of Multiple Types of Synaptic Plasticity in a Purkinje Neuron and Their Contribution to Motor Learning.
There are multiple types of plasticity at both excitatory glutamatergic and inhibitory GABAergic synapses onto a cerebellar Purkinje neuron (PN). At parallel fiber to PN synapses, long-term depression (LTD) and long-term potentiation (LTP) occur, while at molecular layer interneuron to PN synapses, a type of LTP called rebound potentiation (RP) takes place. LTD, LTP, and RP seem to contribute to motor learning. However, each type of synaptic plasticity might play a different role in various motor learning paradigms. In addition, defects in one type of synaptic plasticity could be compensated by other forms of synaptic plasticity, which might conceal the contribution of a particular type of synaptic plasticity to motor learning. The threshold stimulation for inducing each type of synaptic plasticity and the induction conditions are different for different plasticity mechanisms, and they change depending on the state of an animal. Facilitation and/or saturation of synaptic plasticity occur after certain behavioral experiences or in some transgenic mice. Thus, the regulation and roles of synaptic plasticity are complicated. Toward a comprehensive understanding of the respective roles of each type of synaptic plasticity and their possible interactions during motor learning processes, I summarize induction conditions, modulations, interactions, and saturation of synaptic plasticity and discuss how multiple types of synaptic plasticity in a PN might work together in motor learning processes.